Population and community dynamics influence, and are influenced by, among-individual variation in traits. However, studies examining rapid evolution during community assembly remain rare. We examined how four life-history traits in Daphnia ambigua have evolved during community assembly in a recently created lake. Microfossils, preserved in sediments, suggest that D. ambigua was one of the original zooplankton colonizers, followed by Daphnia dentifera and Daphnia pulicaria. We used water column collections and dormant eggs from sediment cores to isolate 45 isofemale lines into laboratory culture, representing four time periods of lake colonization. We measured size at birth, size and time to maturity, clutch size, and juvenile growth rate and found significant differences among time periods in two of the traits, size at maturity and first clutch size. Although isofemale lines from the founding and recent population are known to differ in their competitive ability, we found no evidence that these temporal populations differ in measured life-history traits, sensitivity to resources or population growth rate. Nevertheless, our experimental results note rapid and nondirectional evolution of two life-history traits, closely tied to fitness, during the assembly of this community.
. Nevertheless, the explicit linking of trait evolution with interspecific interactions has rarely been a core focus in studies of community assembly (Vellend and Geber, 2005; Berg and Ellers, 2010; Bolnick et al., 2011; Violle et al., 2012) .
One limitation to making the link between trait evolution and interspecific interactions in many field systems is the lack of a historical sampling record that extends to the formation of the habitat. However, many species of zooplankton provide an alternative long-term record through their dormant progeny (De Stasio, 1989; Cáceres, 1998a; Cousyn et al., 2001; Allen et al., 2011; Orsini et al., 2013) . In many lakes, dormant eggs can be extracted from sediment of different ages and hatched, allowing for an assay of how traits have changed through time (Hairston et al., 2001; Kerfoot and Weider, 2004; Decaestecker et al., 2007; Decaestecker et al., 2013; Orsini et al., 2013; Frisch et al., 2014) . This method, termed "resurrection ecology" by Kerfoot et al. (Kerfoot et al., 1999) , has been used to study how traits such as growth rate, susceptibility to parasitism and salinity tolerance have responded to changes in the environment and/or community structure (e.g., Hairston et al., 1999; Bailey et al., 2004; Decaestecker et al., 2013) .
Steiner et al. (Steiner et al., 2007) used this resurrection approach to assess the competitive ability of D. ambigua isofemale lines before and after the invasion of two other species of Daphnia (D. dentifera and D. pulicaria) into Sportsman's Lake (Vermilion County, IL, USA). They found that the early-colonizing isofemale lines of D. ambigua, the first species to invade, performed poorly against the later-colonizing D. dentifera. However, more recent isofemale lines of D. ambigua were able to persist in competitive trials against D. dentifera, indicating evolution of increased competitive ability in D. ambigua. However, Steiner et al. (Steiner et al., 2007) did not identify a mechanism for this observed change in competitive ability between older and younger isofemale lines of D. ambigua.
Here we explore three hypotheses for the evolution of increased competitive ability in D. ambigua. We extracted viable diapausing eggs from three points in time from sediment cores collected from Sportsman's Lake and also collected individuals from the water column. We hypothesized that the increased competitive ability of D. ambigua, observed by Steiner et al. (Steiner et al., 2007) , could result from a change in (i) size at birth, size and time to maturity and/or offspring produced in the first clutch, (ii) sensitivity to resources Tessier and Woodruff, 2002) or (iii) per capita population growth rate (r) across a range of resource levels. We predicted that changes in key life-history traits (increased size at birth, size at maturity, clutch size and/or decreased time to maturity) could lead to increased competitive ability if the recent D. ambigua were larger bodied, had more offspring and/or matured earlier. Additionally, we predicted that increased competitive ability could result from recent isofemale lines exhibiting a reduced sensitivity to declining resources (as in Tessier et al., 2000) . If recent D. ambigua maintain relatively high growth rates on lower resources and ancestral D. ambigua show a sharp decline, that reduction in resource sensitivity may explain the ability of recent isofemale lines to persist when in competition with D. dentifera whereas ancestral isofemale lines are excluded (as seen in Steiner et al., 2007) . Similarly, if recent D. ambigua exhibit higher per capita growth rates across a range of resource levels (from low to high), this will in theory give rise to enhanced competitive ability under steady state conditions, the well-known R* rule of Tilman (Tilman, 1982) .
M E T H O D
To test our hypotheses regarding mechanisms underlying changes in competitive ability during community assembly, we quantified life-history traits and ability to exploit resources in 45 isofemale lines of D. ambigua. We isolated 14 females from the water column in 2004 and the remaining 31 lines were hatched from diapausing eggs found at three depths in the sediment from Sportsman's Lake, IL, USA (40.148N, 87.748W). Sportsman's lake was created in 1953 after the basin, created by mining, was filled with water. Rapid colonization by zooplankton followed the creation of this lake and presented the opportunity to study the effects of colonization and evolution during colonization. Females from the water column were collected via vertical net hauls from the deepest portion of the lake. Each clonal line obtained from the sediment originated from a sexually produced diapausing egg. We extracted additional isofemale lines by hatching dormant eggs from sediment cores collected in 2003 (additional methods in Cáceres et al., 2005 Steiner et al., 2007) . Our coring techniques allowed us to sample dormant individuals across the 51 years that the lake had been filled with water. Diapausing eggs were extracted from three different layers of sediment cores (hereafter denoted "timepoints"): Bottom (55-50 cm), Middle (36 -26 cm) and Top (10 -1 cm). Additional information on the core collection and processing can be found elsewhere (Cáceres, 1998b; Cáceres and Tessier, 2004) . These core depths correspond to invasion events of different Daphnia species: only D. ambigua was abundant in the bottom section of the core, D. dentifera had established in the middle section of the core, and the top of the core includes the additional establishment of D. pulicaria and coexistence of all three species of Daphnia (see Cáceres et al., 2005 for more information).
We quantified the mean and variance in life-history traits through time in a laboratory common garden assay (modified from Lynch and Walsh, 1998; Tessier and Cáceres, 2004) . Maternal effects were standardized using a standard protocol for Daphnia, in which lines were grown at low density for three generations (120 mL filtered lake water, 18.08C, 12[light]:12[dark] photoperiod, 2 mg/L of the green algae Ankistrodesmus falcatus every other day, 5 adults per beaker) (Lynch and Walsh, 1998) . Replicate sublines of each isofemale line were incubated under experimental conditions (120 mL filtered lake water, 18.08C, 12[light]:12[dark] photoperiod, 1 mL of the green algae A. falcatus every other day, 5 adults per beaker) for 2 weeks prior to the start of the experiment. Following the acclimation period to standardize maternal effects, size at birth was estimated for five newly produced neonates (,24 h old) from each subline using Spot Advanced image analysis system (Diagnostic Instruments, Sterling Heights, Michigan) mounted on a dissection microscope. After obtaining size at birth measurements, neonates were placed into single cultures containing 45 mL of filtered lake water and fed with a non-limiting concentration of 40 000 cells/mL of the green alga A. falcatus/day. Individuals were observed daily for time to maturity, determined by the appearance of the first clutch of eggs. When an individual matured, we assessed size at maturity and number of eggs in the first clutch.
We used multivariate analysis of variance (Wilks's Lambda) in Systat (Version 13.1) for analysis of the overall differences among time points for the four traits (size at birth, size at maturity, number of eggs in the first clutch, and days to maturity). To test for equality of variance in the four life-history traits, we used the Levene's test for Equality of Variance in Systat (Version 13.1). We then conducted univariate analysis of variances (ANOVAs) to determine if significant differences were present in any of the individual life-history traits through time. All ANOVAs met assumptions of equality of variance and normal distribution using Levene's test and Lillifors (K -S test). Post hoc analyses, using Tukey's Honestly-Significant-Difference test, were used to determine statistical difference in life-history traits between the four time points. Correlation between size at maturity and number of eggs in the first clutch was assessed via Pearson Correlation in Systat (Version 13.1).
To assess each isofemale lines' performance across a gradient of resource levels, we used juvenile growth rate (JGR) as a fitness proxy and correlate of per capita population growth rate, r (Lampert and Trubetskova, 1996; Tessier et al., 2000) . JGR was measured as the addition of somatic mass over 5 days. Source cultures were maintained under low density, high quantity resource common garden conditions for three generations prior to the initiation of the experiments. Approximately 10 neonates/ isofemale line (,24 h old) were immediately dried for initial weight. Remaining neonates were placed into replicate beakers (5 neonates/200 mL filtered lake water) with a fixed concentration of A. falcatus (details of each design are given below) and incubated at 18.08C, with a 12[light]:12[dark] photoperiod. Neonates were transferred daily into new beakers with fresh A. falcatus up to Day 5, at which time they were harvested, dried and weighed. JGR ( per day) for each replicate beaker was calculated as the average of the natural log of the final weight minus the natural log of the average initial weight all divided by the total number of days (Tessier and Goulden, 1987) .
To determine if there was any difference in performance of the clones hatched from different segments of the core, we first assessed JGR of 51 isofemale lines on one food level (40 000 cells/mL A. falcatus). Difference in JGR across all four time points was analyzed via ANOVA (Systat 13.1). Data met assumptions of homogeneity of variance and normality based on Levene's test and Lillifors (K -S test). We then selected 14 of these clones (8 extracted from the Top sediment layer and 6 from the Bottom layer) to assay over a gradient of resource quantity to determine if more recent isofemale lines exhibited higher growth rates on low quantity resource levels. The 14 lines included in this assay were the same lines used in Steiner et al.'s (Steiner et al., 2007) competition experiment. We used analysis of covariance (ANCOVA) to investigate the effects of (i) log food concentration (A. falcatus; 40 000 cells/mL to 71 131 cells/mL) and (ii) time point (ancestral versus recent colonists) and their interaction on JGR. Analyses were performed on JGR values averaged across replicate beakers for each clone at each resource level. A significant interaction between resource level and time point indicates that the slope of the growth response differs between the two groups (ancestral or recent) of colonists and that the populations differ in their sensitivity to changing resource levels. Response variables met assumptions of normality and homogeneity of variance using Lillifors and Levene's tests. Statistical analyses of JGR on varying food quantities were performed using R version 3.0.2 (R Development Core Team).
R E S U LT S
We found considerable variation in all traits, and evidence for rapid evolution in two of the four traits (size at maturity and egg number in the first clutch), but in no case did the most recently hatched isofemale lines from the top of the sediment core differ from the ancestral colonists at the bottom of the core (multivariate analysis of variance, F 10,78 ¼ 8.608, P ¼ 0.000; Fig. 1A-D) . For each life-history trait, there was no difference in the variance among time periods (Levene's test, all P-values . 0.05; Fig. 1A -D) . Size at birth ranged from 0.44 to 0.52 mm, but this variation was consistent among time points with no change in the mean through time ( Fig. 1A ; ANOVA F 3,41 ¼ 1.348, P ¼ 0.272). In contrast, size at maturity differed significantly through time ( Fig. 1B ; ANOVA F 3,41 ¼ 6.719, P ¼ 0.001). When D. ambigua was the only species of Daphnia in the lake, mean body size at maturity was 0.88 + 0.01 mm (SE). Following the introduction of D. dentifera, both the mean and the variance in adult body size increased (0.94 + 0.08 mm). This larger body size was not maintained through time however; recent isofemale lines were of similar size as the founding colonists (0.87 + 0.01 mm). The difference in adult body size was not a result of differences in average time to maturity, ( Fig. 1C ; ANOVA F 3,41 ¼ 1.934, P ¼ 0.139). Finally, the number of eggs in the first clutch reflected changes in adult body size and differed among time points ( Fig. 1D ; ANOVA F 3,41 ¼ 6.982, P ¼ 0.001). As expected, we found a positive relationship between the size at maturity and number of eggs in the first clutch ( Fig. 2; Pearson correlation ¼ 0.725, P , 0.000).
Our fitness proxy, JGR, varied in some cases but not in others (Figs 3 and 4) . In the first assay, which included only one food level, JGR varied from 0.15 to 0.7 mg/mg/ day, but mean fitness did not change through time ( Fig. 3 ; ANOVA F 3,36 ¼ 0.749, P ¼ 0.53). When we varied resources concentrations, we found a significant effect of increasing food concentration on growth rate ( Fig. 4 ; ANCOVA F 1,79 ¼ 215.120, P , 0.0001). Higher food resources increased the average JGR. There was no 
D I S C U S S I O N
Steiner et al. (Steiner et al., 2007) demonstrated that later invading Daphnia (D. dentifera and D. pulicaria) could competitively exclude the founding isofemale lines of D. ambigua in laboratory competitive trials whereas more recent isofemale lines of D. ambigua were able to persist in competition with D. dentifera. We hypothesized that this increased competitive ability in D. ambigua may have resulted from evolution of life-history traits, growth rates and/or sensitivity to declining resources as the community assembled. We found that life-history traits were variable and differed through time, but in no case did the current isofemale lines differ from the original colonists. Furthermore, we found variation in sensitivity to declining resources, but there was no difference between the original colonists and the recent isofemale lines that could persist in competition with D. dentifera. Although our results do not provide a mechanistic explanation for why recent colonists persisted in competition whereas the original colonists could not, the substantial variation uncovered here indicates that genetic diversity in several traits likely influenced both population and community dynamics as the community assembled (Bolnick et al., 2011; Violle et al., 2012) .
Competition can influence the traits (life-history, morphological, feeding, etc.) of participating species. In fact, character displacement among competitors is often invoked to explain differences in mean trait values in co-existing populations (Stuart and Losos, 2013 and references therein). For Cladocera, body size has long been predicted to determine the outcome of competition. Although the original prediction of Brooks and Dodson's (Brooks and Dodson, 1965) Size Efficiency Hypothesis (larger zooplankton are better competitors), does not hold under all conditions (e.g. Hu and Tessier, 1995 , Cáceres, 1998b , Hart and Bychek, 2011 ), here we predicted that if recent D. ambigua were larger bodied, had more offspring, and/or matured earlier those changes may provide an explanation for the increased persistence ability seen in the laboratory experiments of Steiner et al. (Steiner et al., 2007) . Increased body size in Cladocera is often correlated with increased fecundity (Boersma and Vijerberg, 1995; Nisbet et al., 2004; this study) . In the predation-free environment of laboratory experiments, an increase in body size and fecundity could result in increased competitive ability. Larger neonates may also increase competitive ability by reducing mortality due to starvation (Tessier and Goulden, 1987) . Although the isofemale lines hatched from the middle time interval in the sediment core were larger at maturity than the initial colonists, the initial colonists were the same size as those individuals hatched from the top of the sediment core and found in the water column. This lack of directional selection in body size in the Sportman's Lake D. ambigua may reflect that in developed communities where fish predation is intense, smaller body size is generally anticipated (Machacek, 1995; Boersma et al., 1998; Lass and Bittner, 2002) . In another lake in this metacommunity (High Lake) a similar trend in decreasing body size as other competitor species invade was observed, the median body size of D. ambigua decreased following the introduction of D. dentifera and D. pulicaria (Allen et al., 2012) . However, this change in body size after the invasion of other competitors and with predators was unlikely to have lead to competitive advantage in our focal population as body size of Steiner et al.'s (Steiner et al., 2007) timepoints did not differ.
Our second and third hypotheses to explain the increase in competitive ability in the D. ambigua population were that more recent isofemale lines might be less sensitive to declining abundance of resources or exhibit higher overall growth rates across resource abundances. In many systems, resources vary and consumers of varying resources show persistent genetic variation in resource acquisition strategies (Jeyasingh et al., 2003; Glucksman et al., 2010) . This variation in sensitivity to resources can be maintained by the "power-efficiency tradeoff " (Reznick et al., 2000; Tessier et al., 2000; Hall et al., 2012) . In this tradeoff, "powerful" genotypes grow and reproduce relatively quickly when consuming rich resources but cannot perform well on poorer resources. In other words, these powerful genotypes are "sensitive" to declining resources. In contrast, "efficient" genotypes grow relatively well on poor resources but cannot exploit rich resources to the same extent . Conversely, in the absence of a resource use trade-off, genotypes that are better able to grow and reproduce across a range of resource levels (from poor to rich) should in theory dominate in competition under steady state conditions (Tilman, 1982) . Recent colonists [the better competitors in Steiner et al.'s (Steiner et al., 2007) assay] were not, on average, less sensitive to a low abundance of resources fed in the laboratory, nor did they show an overall higher mean growth response across resource levels. While these results are seemingly at odds with the findings of Steiner et al. (Steiner et al., 2007) , it is important to note that Steiner et al. (Steiner et al., 2007) used a diverse algal assemblage collected from Sportsman's Lake. Prior work has uncovered significant intraspecific variation in the ability of Daphnia species to use different algal taxa (Hall et al., 2012) Therefore, the quality and composition of resources may influence the competitive ability of certain isofemale lines.
An alternative hypothesis for why early colonists failed to persist in laboratory competition trials is that clonal lines established from older diapausing eggs were inherently less fit simply because they were dormant for longer periods of time. Multiple pieces of evidence refute this hypothesis. First, when reared in a common garden on high food levels, we found no difference in juvenile growth rates among the four time periods. In fact, two of the highest values recorded were from the oldest set of eggs. Of course, there are limitations to using diapausing eggs to reconstruct historical patterns. For example, when there is intraspecific or interspecific variation in allocation to dormancy, the sediment record represents a biased sample of the population (Jankowski and Straile, 2003; Tessier and Cáceres, 2004) . This potential bias, however, does not influences the interpretation of our results as the isofemale lines used in Steiner et al. (Steiner et al., 2007) 's competition experiment were identical to the ones used in these life-history and feeding assays.
Our results demonstrate that even in these relatively young communities, genetic variation existed within the D. ambigua population in multiple life-history and feeding traits. These differences among individuals likely influenced the outcomes of a suite of interspecific interactions, the relative strength of which varied as the community assembled (Aarssen, 1989; Ackerly, 2003; Neuhauser et al., 2003; Vellend, 2005) .
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